Serratia marcescens (isolate B2 from tomato phylloplane) inhibited markedly the growth of Botrytis allii, B. byssoidea, B. cinerea, B. fabae and B. tulipae on LB agar medium containing colloidal chitin. The conidial germination and hyphal growth of B. cinerea and B. fabae were also suppressed by culture filtrate of the bacterium. The inhibitory effect of the bacterium correlated with its chitinolytic activity. On leaf disks of broad bean, the bacterium could control chocolate spot disease caused by B. fabae. These results indicate the possibility of using S. marcescens as a biocontrol agent for Botrytis spp.
INTRODUCTION
p-nitrophenyl-ƒÀ-D-N-acetylglucosaminide (pNP-NAG1), p -nitrophenyl-ƒÀ-D-N, N'-diacetylchitobioside (pNP-NAG2) and p-nitrophenyl-ƒÀ-D-N, N', N"-
RESULTS
Growth inhibition of Botrytis spp. in vitro Chitinolytic enzyme production of S. marcescens B2 was detected by the formation of clear zones around the colony in LBCA medium (Fig. 1a, arrows) . The clear zone indicated where the colloidal chitin had been hydrolyzed by the secreted chitinolytic enzymes. The clear zone of isolate B2 was markedly larger than that of ATCC 13880 (data not shown). Such a clear zone was not formed when the bacterium was cultured on PSCA medium (Fig. 1c) . In the presence of 24 hr-old colonies of isolate B2 on LBCA, radial growth of all the tested Botrytis spp., especially B. cinerea IPCR-1, was much less than in the absence of bacterial colonies ( Figs. 1 and 2 ). The growth inhibition by isolate B2 was not observed on PSCA (Fig. 1c) . Light microscopy showed that conidial germination of B. cinerea IPCR-1, CAES-4 and IHES-3, and of B. fabae was completely inhibited on the clear zones around isolate B2 colonies in LBCA ( Table 1) . Swelling of these fungal conidia within 48 hr was observed frequently (Table 1) . On PSCA, no such abnormal conidia were seen around B2 colony (data not shown). Chitinolytic and antifungal activities of the culture filtrate After 24 hr of liquid shake culture, culture filtrate of S. marcescens B2 released pNP from pNP NAGl, pNP-NAG2 and pNP-NAG3 (Fig. 3) . The chitinolytic activity was highest with pNP-NAG1. Interestingly, activity with pNP-NAG3 was higher than with pNP-NAG2. These results indicate the presence of both exo-chitinase and endo-chitinase activities, since exo-chitinases (,B-N acetylglucosaminidases)
can release N-acetylglucosamine from the non-reducing end of the chitin chain quite slowly and that endo-chitinases can cut the chitin oligomers longer than trimer quite rapidly. After heating or autoclaving, the filtrate showed very low chitinolytic activity (Table 2) .
When S. marcescens B2 culture filtrate was inoculated on 24 hr-old mycelia of B. cinerea IPCR-1, CAES-4 and IHES-3, and on mycelia of B. fabae, 20-70% of the fungal hyphae became swollen, especially at the hyphal tips, within 24 hr of incubation (Table 2 and Fig. 4 ). When the heated or autoclaved filtrates were added on the mycelia, the frequency of the hyphal swelling was much lower, corresponding to the lower chitinolytic activity of the filtrates ( Table 2) .
Suppression of chocolate spot disease on broad bean leaf disks Inoculation of broad bean leaf disks with B. fabae conidia mixed with S. marcescens isolate B2 resulted in less than 40% disease incidence for up to 5 days after inoculation, compared to ca. 100% in control with B. fabae only (Fig. 5) . When the conidia were inoculated together with bacterial culture filtrate, the disease incidence was also ca. 40% for 2 days after inoculation, but, later increased close to 100%. 
DISCUSSION

